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IFOREWORD
This report is the third in the series under Contract NAS 9-7830,
and the first since the current series of radar observations of the
lunar surface was begun. The technical capability to produce
high-resolution, high-accuracy maps of the polarized and depo-
larized radar returns appears to have been achieved.
Measurements for about 10 percent of the visible surface have
been made in the form of about 30 pseudo -range -doppler subareas
("ZAC" areas) of about 10 5
 square kilometers each.
It is anticipated that the next report will describe the results of
the observations in some detail.
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RADAR STUDIES OF THE MOON
I. SUMMARY
The first few subarea maps of this program have been produced from
observations made in November 4968. This Planetary Hadar Box was operated
for four weeks from 28 October to 29 November, following the successful com-
pletion of the work on updating the receiver for two polarizations. For the
present program, the subareas being mapped are `ZAC" areas, a more rea-
sonable pseudo -range -doppler subdivision of the moon's surface, rather than
the previous latitude-longitude subdivision into LAC areas. About 42 percent
of the near hemisphere (30 out of 224 ZAC areas) was successfully measured
as of 29 November 4968, with a resolution of at least 2.5 km. There were
problems, however, with the post-proc ,ssing computer programs that limited
thenumber of finished maps to about six as of 8 January 1969. Theremaining
measurements are being processed at the present time, and the next set of
observations is scheduled to begin on 15 January.
II. PLANETARY RADAR AND DUAL-CHANNEL RECEIVER
The remodeling of the Planetary Hadar Box was completed, and the box
was mounted on the antenna on schedule on 21 October 1968. First results
were excellent with an over-all system temperature in the ortho (polarized)
channel of 75'K in the lunar mode, about 40' better than anticipated from the
characteristics of the original singl y maser. Some of the improvement is
considered to result from the remanufactured waveguide assemblies and the
more modern components in the input circuitry of the receiver.
The hold time for a helium fill of the maser was also greatly increased
in normal operation compared with that of the earlier static tests. Tests have
now demonstrated that the boil-off rate of the liquid helium was as much as
ten times greater with the antenna at 0° elevation than it was at 45 elevation
(i.e., with the maser dewar upright compared with 45' from upright). Although
the reasons for this are not yet clear, the happy result is that the average op-
erating time for one fill is approximately 10 hours, instead of the 6 hours re-
ported last quarter.
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III. PLANNING
The Air Force Aeronautical Chart and Information Center has begun to
publish charts of the moon over a series of standard LAC areas. Although the
importance of a set of standard areas for comparison is not questioned, such
a grid system based on latitude and longitude is inherently uncoordinated with
the range-doppler method of radar mapping, where a well-resolved area has
boundaries that are essentially two concentric circular arcs cut by two paral-
lel lines. We have therefore divided the moon in a way that seems better
adapted to thepresent program. Figure 1 is a graph of thevisihle disk divided
into 224 areas that A e shall call ZAC areas. The method of division is clear
from the drawing The areas are small enough to fit into our 3' (arc) antenna
beam and are all of roughly the same lunar surface area. Tile first real ad-
vantage to the ZAC areas is that the number of areas on the near hemisphere
is fewer by about 10 percent than the correspondingly divided LAC areas be-
cause of the overlap that is no longer needed to catch all corners of each LAC
area. We should at the same time minimize the occurrence of unmapped
corners and edges.
IV. MAPPING RESULTS
The shading in Figure 1 shows the areas mapped during this quarter with
acceptable resolution and signal-to-noise ratio. During the earliest observa-
tions, other areas were also measured. Although they are not considered
satisfactory for the finished map, they can serve as a check on the reality of
some of the smallest features appearing on the radar maps. At this time,
about six such features have been checked, and all appear to be real.
About twenty of the thirty mapped areas have been processed through the
Fourier transform phase, and four of them carried through the mapping phase
to produce halftone maps in both polarizations. The cartographic projections
that we are using match those of the Lunar Aeronautical Chart series (Mer-
cator projection near the equator, tv 3 o Lambert conformal projections in the
mid-latitudes, and a polar stereogi • aphic projection above 80" latitude).
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Fig.	 1. Lunar ZAC area index chart (shoded areas are measured as of 8 January 1969).
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V. COMPUTER PROCESSING
DUIring the past quarter, all the post -processing programs have been com-
pleted with the exception of the polar-projection section of the third-phase
(mapping) program. Some additional minor changes are yet to be 11-lade in this
program in order to expand the dynamic range of the output tape and thereby
allow some of the second-phase processed output to be erased. There still
appears to be a logistics problem with both magnetic tape procurement and
storage, and with computer post-processing time if the other research pro-
grams at Haystack are not to be drastically cut back while the lunar mapping
is being completed. Our experience shows the time figure to be about 50 per-
cent greater than earlier estimates.
VI. PLANS FOR NEXT QUARTER
The Planetary Radar Box will be on the antenna from 12 January to 7 Feb-
ruary and again from 3 March to 18 April. During these periods, about 70 per-
cent of the radar observations should have been completed. A third computer
shift is being; set up for the post-processing, and at least half the observations
should be carried through to halftone maps.
The doppler ephemeris discrepancies that were noticed during the meas-
urements of 1966-67 are still present, and work is being started to determine
the causes.
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